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Abstract

Cancer researchers need to be able to organize and report their
results in a way that others can find, build upon, and relate to the
specific clinical conditions of individual patients. NCI Thesau-
rus ™is a description logic terminology based on current science
that helps individuals and software applications connect and or-
ganize the results of cancer research, e.g., by disease and under-
lying biology. Currently containing some 34,000 concepts —
covering chemicals, drugs and other therapies, diseases, genes
and gene products, anatomy, organisms, animal models, tech-
niques, biologic processes, and administrative categories — NCI
Thesaurus serves applications and the Web from a terminology
server. Asa scalable, formal terminology, the deployed Thesau-
rus, and associated applications and interfaces, are a model for
some of the standards required for the NHII (National Health In-
formation Infrastructure) and the Semantic Web.
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Introduction

The last few decades have brought a dramatic increase in our un-
derstanding of cancer and related diseases at the biological, cel-
lular and molecular levels, and cancer science is increasingly
being shaped by molecular characterization of the biological
processes related to cancer. The pace and complexity of this
transformation requires new approaches to understand, manage,
integrate and communicate current cancer-related concepts, so
that results from basic and clinical research can better guide pa-
tient care as well as suggest new research directions. For exam-
ple, the prognosis of certain myeloid leukemias and lymphomas
can now be characterized by the unique chromosomal and mo-
lecular abnormalities they display, as in acute myeloid leukemia
with t(8;21)(q22;q22), or ALK positive systemic anaplastic
large cell lymphoma, in which the majority of cases have a
t(2;5)(p23;q935) translocation involving the anaplastic large cell
lymphoma kinase (ALK) gene. These and related “molecular”
results have prompted investigators to revise both the naming
and classification of many neoplasms. Ongoing research will re-
sult in the further cellular and sub-cellular identification of co-
horts of patients with related clinical profiles. This explosion in
understanding of the pathogenesis of cancer has resulted in great
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quantities of data and constant change of disease terms, creating
confusion and complex management challenges. At least six
classification schemes exist for non-Hodgkin’s lymphoma, and
a single type of lymphoma may be described using different
terms from different classification schemes. [1,2]

To better organize, enhance and leverage the confusing patch-
work of clinical and research terms in current use, the National
Cancer Institute (NCI) has built the NCI Thesaurus™. Its goals
are to: 1) provide a science-based terminology for cancer that is
up-to-date, comprehensive, and reflective of the best current un-
derstanding; 2) make use of current terminology “best practices”
to relate relevant concepts to one another in a formal structure,
so that computers as well as humans can use the Thesaurus for a
variety of purposes; and 3) speed the introduction of new con-
cepts and new relationships in response to the emerging needs of
basic researchers, clinical trials, information services and other
users.

The NCI Thesaurus is part of the Enterprise Vocabulary Services
(EVS) Project. [3] The EVS supports the standardization of vo-
cabulary across the Institute and the larger, national and interna-
tional cancer biomedical community. Befitting its wide role,
formal governance and collaboration with current and prospec-
tive users of EVS services has major emphasis. At present, for
example, a number of NCI and affiliated organizations help set
priorities and define EVS content. In addition, EVS personnel
are active in standards development organizations and inter-
agency efforts to develop public domain vocabulary products
and software in biomedicine and more generally. An early focus
of such interagency efforts is the development of the NCI drug
vocabulary in a way that will be re-used as part of a unified, open
source federal drug information model [4] freely available for
use by researchers, clinicians, and the public. NCI Thesaurus is
an example of a potential standard with associated processes and
applications that may play a role in the emerging NHII (National
Health Information Infrastructure), [S] and it possesses some of
the qualities of the ontologies and associated processes that will
be required to support the Semantic Web. [6]

Materials and Methods

As part of its attempt to provide the best terminology content us-
ing the best available methods, NCI Thesaurus makes use of a
combination of personnel, content, technology and processes not
yet in wide-spread use. This combination is here broken out into
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Management, Representation, Technology & Architecture,
Collaboration, and Process.

Management

The Thesaurus project is led by NCI “cancer content” personnel
with scientific and technical expertise, and most decisions are
made by the appropriate members of a large inter-disciplinary
team. As representatives of this team, the authors of this paper
are trained in molecular biology, cancer care, pathology, com-
puter science, and medical informatics. Frequently, multiple
members of the project team are required to understand the caus-
es of detected problems. If, for example, some terminology
doesn’t “look right” in an application, it’s not always clear ini-
tially whether it’s the terminology or the technology that is the
proximal cause. At times the problem is the result of conflicts
between different terminologies, and resolving the conflict re-
quires deep domain knowledge.

Representation

Concept-based content for what became the NCI Thesaurus was
initialized in 1997, first with a collection of local terminologies
in use for coding documents related to managing science - fund-
ed grants, reports, and intramural science projects — and second
with the PDQ Terminology[7][8] - used to code clinical trials,
expert cancer summaries, and other resources used in NCI’s
public information services. The resulting vocabulary was
placed into an NCI version of the UMLS Metathesaurus that
supported synonymy, narrative definitions, mappings across
standard vocabularies, and Web-based browsing. [9] Over time,
as NCI terminology priorities focused more on basic and clinical
research, other sources — such as ICD-O3 and current versions
of MedDRA — were added. The NCI Metathesaurus environ-
ment continues to support a large intra- and extra-mural commu-
nity.

To better enable consistent coding and retrieval across numer-
ous, large NCI databases, and to help integrate the scientific re-
sults stored there, a more formally structured terminology — NCI
Thesaurus — was required; hence, the subsequent move to a De-
scription Logic-based terminology system.

Technology & Architecture

NCI Thesaurus is maintained and deployed using scalable,
COTS (Commercial Off-The-Shelf) technology where appropri-
ate, with public domain customizations as needed. Central to the
COTS components are terminology editing and publishing tools
from Apelon, including: TDE (Terminology Development Envi-
ronment) with Workflow, and DTS (Distributed Terminology
Server). [10] Analogously, the Apelon Metaphrase and Author-
ity components are used to maintain the NCI Metathesaurus as
shown in Figure 1. TDE Workflow enables periodic exports of
change sets, conflict resolution, and publishing of new baselines.
A new internal baseline is published weekly, and a new external
baseline is published monthly. More recently, caBIO objects
[11] in the caCORE 2.0 backbone [12] have been terminology
enabled through a public domain API that provides full access to
the basic and enhanced capabilities of both the NCI Thesaurus
and NCI Metathesaurus servers.[13]
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Figure 1 - NCI EVS Environment

The subset of DL manipulated by the TDE is defined by
Apelon's Ontylog™ Data Model. The Data Model uses three ba-
sic components: Concepts, Kinds and Roles. Concepts are rep-
resented as nodes in an acyclic graph. Roles are directed edges
defining relations between concepts. Kinds are disjoint sets of
concepts used in role definitions to constrain domain and range.
Each concept belongs to only one kind. For example, the role
Disease_Has_Associated_Anatomy might have its domain re-
stricted to the Findings_and_Disorders_Kind and its range to
the Anatomy_Kind.

All roles are passed from “superconcept” to concept in an inher-
itance hierarchy. For example, the concept "Breast Disorder”
has the role Disease_Has_Associated_Anatomy connecting it to
the concept "Breast". Since the concept "Breast Neoplasm" Is_A
(superconcept) "Breast Disorder," “Breast Neoplasm” inherits
the Disease Has_Associated_Anatomy relation to the "Breast"
concept, as do all the children of "Breast Neoplasm." These lat-
eral (non-hierarchical) relations among concepts are referred to
as associative or semantic roles — in contrast to (hierarchical)
Is_A relationships.

Collaboration

Part of creating and deploying NCI Thesaurus in support of can-
cer care and research is making the best use of available resourc-
es. Toward this end, NCI exchanges drug, anatomy, and disease
terminology, related technology, and best practices when possi-
ble and useful. Supporting these exchanges, NCI has in place in-
formal working relationships or letters of understanding with
other U.S. Federal Agencies such as VA (Department of Veter-
ans Affairs), FDA (Food & Drug Administration), NLM (Na-
tional Library of Medicine), and CDC (Centers for Disease
Control). Initial collaboration has focused mainly on the assess-
ment of shared terminology, both content and models, developed
in common with other Federal agencies. Future collaboration
will focus on how to most productively share the maintenance
and enhancement burdens associated with this content. One ear-
ly example of this kind of collaboration has been the develop-
ment of extensions to common, shareable drug information in
support of pharmacogenomics research. [14] Extension of such



S. de Coronado et al.

shared terminology and models to support applications that in-
teroperate between agencies is also being contemplated.

Process

Each of the previous Method elements — Management, Repre-
sentation, Technology & Architecture, and Collaboration — can
be viewed as NCI Thesaurus infra-structure that supports a pro-
cess. To a good approximation, this process consists of itera-
tions through the following cycle, with each cycle taking weeks
to months: (1) refine the schema; (2) harvest existing terms,
concepts, relationships and attributes; (3) add “Defining” and
schema-specified relationships; (4) test NCI Thesaurus against
users and applications; (5)identify content or schema shortfalls;
and (6) repeat the process. Periodic creation and refinement of
use cases — user scenarios — validates progress and sharpens pri-
orities.

Results

The main NCI Thesaurus result is that all aspects of the Process
are deployed and continuing on an ongoing basis; that is, NCI
Thesaurus has rich and expanding formal, use-driven content,
managed in a distributed environment by customized COTS
tools, and “surfaced” by a COTS terminology server that sup-
ports a public domain API and Web Browser.

Schema

NCI Thesaurus content is organized as twenty IS_A hierarchies
or kinds. A repertoire of approximately 50 types of role relation-
ships provides the differentiae that define how concepts in the
same kind are different from one another. Driven by user sce-
narios, these roles also facilitate translational research and sup-
port the bioinformatics infrastructure of the Institute. [15] Half
of all concepts already have role values asserted or inherited.

Content

As shown in Table 1, the content of the NCI Thesaurus has
grown rapidly as we have focused on areas of importance to our
users. The content has been designed to satisfy Cimino’s Desid-
erata [16], and it anticipates standards that will be required for
the NHII (National Health Information Infrastructure) and the
Semantic Web. Features include unique meaning-free concept
identifiers, concepts modified or retired, but not deleted, and
concept-based history tracking [17].

Table 1: NCI Thesaurus Content Statistics

rerms
1,691,850
100,000

Toncepts

783,158
34,000
10,521
5,901
3,531
2,773
4,320
1,767
2,200

Category
NCI Metathesaurus
NCI Thesaurus
Disease, Abnormality, Finding
Neoplasm (within Disease)
Drug
Chemotherapy Regimen
Anatomy
Gene
Protein (Gene Product)
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NCI Thesaurus now provides extensive coverage of core interest
areas for cancer researchers and other users, and provides a for-
mal, use-driven organizing backbone for these topics. For exam-
ple, types of cancer are being modeled using two main sets of
“scientifically-defined” roles. First, the origin and context of the
cancer are defined by five roles pointing to Anatomy values in-
cluding primary and metastatic sites and the tissues and cells of
origin. Second, the observed abnormalities that produce and ex-
press a particular neoplastic process are defined by roles point-
ing to the Findings, Abnormal Cell, and Molecular Abnormality
hierarchies.

The following example - Mantle Cell Lymphoma - shows how

these roles can characterize cancers. First are the biological and
molecular features which define this particular cancer:

Anatomy: Disease_Has_
_Primary_Anatomic_Site:
_Normal_Tissue_Origin:
_Normal_Cell_Origin:
Findings: Disease_Has_
_Abnormal_Cell:
_Cytogenetic_Abnormality:
_Molecular_Abnormality:

Lymphatic System
Mantle zone
Mature B-Lymphocyte

Centrocyte
t(11;14)(q13;q932)
Monoclonal BCL-1 Gene
Rearrangement
Cyclin D1 mRNA
Overexpression

_Molecular_Abnormality:

Beyond this, a set of Disease_May_Have... roles cover impor-
tant features which are often — but not always — true, in this case
clinical findings of lymphadenopathy, hepatomegaly, and sple-
nomegaly, and the cytogenetic abnormalities trisomy 12,
del(13q14), and del(17p).

Figure 2, below, shows a schematic depiction of how the dis-
ease, drug, gene and protein kinds are being connected by roles
to facilitate translational research, integrating data from varying
domains and sources.

Uses and Users

As described above, NCI Thesaurus is one of two major vocab-
ulary services provided by the NCI Enterprise Vocabulary Ser-
vices (EVS), the other being the NCI Metathesaurus based on the
NLM’s UMLS Metathesaurus. NCI Metathesaurus contains nu-
merous biomedical terminologies from the Metathesaurus, en-
hanced by the addition of the NCI Thesaurus, and specially
licensed and local vocabularies needed by the NCI community.
It provides the basis for mapping NCI cancer-related concepts to
other vocabularies. NCI Thesaurus, on the other hand, is de-
signed for database coding, search and data-mining, and is in-
tended for developers of applications that need a tightly
controlled vocabulary. The NCI Thesaurus is freely available
for browsing [18], application access, and downloading. Public
APIs, and distribution files of the Thesaurus as flat files and in
Ontylog XML and OWL formats, are available through the NCI
caCORE. These files are updated monthly, and include a con-
cept history file.
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Figure 2 - Disease, Drug, Gene and Protein Modeling

NCI Thesaurus is used by a number of NCI applications to facil-
itate browsing, coding, and retrieval. Examples include The
Cancer Models Database [19] and the cancer images portal
calMAGE [20]. These provide users with a tree-browser tool
populated with the content of specifically chosen NCI Thesaurus
sub-trees for browsing, coding new submissions, and retrieval.
Tree traversal, explosion, and aggregation are enabled by the DL
representation and can be manipulated to get a desired behavior
from the content of the NCI Thesaurus. In these applications, the
role relationships between anatomy and diseases enable coding
and retrieval using either perspective. A user submitting a
mouse model of prostate cancer can code a specific lobe of the
prostate, but still be presented with all prostate diseases for se-
lection. The data entry application checks to see if any diseases
are associated with the selected anatomy — e.g.dorsal prostate
gland, and, if not, the application walks back up the anatomy tree
to "prostate gland" or until it finds a disease with the appropriate
role relationship (Disease Has Associated Anatomy). Then it
takes the highest level disease and all its children with that rela-
tionship (in this case “Prostate Disorder”) to show the user. It is
a simple use of the semantic relationships validating the utility
of a DL terminology.

Current Areas of Content Development

First, because anatomy is a common, inter-disciplinary organiz-
ing principle, virtually every end user application needs simple,
scientifically accurate, freely available anatomy terminology for
annotating science result databases. We have recently enhanced
and restructured the NCI Thesaurus anatomy, including a com-
prehensive microanatomy, to maximize our ability to relate this
functionally organized domain with other related information. A
partonomy browser has been developed to view both Part_of and
Is_A, as well as other complex role relationships.

Second, we are modeling cancer-specific drugs, particularly
those in trial, including the tracking of synonymous agent names
and identifiers (from research codes to branded products) and
providing definitions. Our goal is to pursue these and related ac-
tivities within the emerging government framework for an open,
shared drug terminology.

Third, we are working with the Mouse Models of Human Can-
cers Consortium (MMHCC) [21] to help meet terminology
needs of those creating and using animal models. An early pri-
ority is enhancing diagnosis and, again, anatomy terminology
with relevant links between mouse diseases and human diseases.
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Fourth, relevant links are needed between cancer-related diseas-
es and the genes or proteins involved in the disease process.
Gene and protein databases abound, and the Gene Ontology
Consortium provides terminology for biological process and
molecular function that is useful for many purposes, but no other
group is yet providing the specific links between diseases and
genes and proteins related to cancer. Representing links be-
tween diseases and any related genes and proteins prompts the
inevitable question regarding the boundaries between a termi-
nology and a knowledge base. Our goal is to model only those
“terminologic” things that are needed by humans or computers
to specifically differentiate important concepts from one anoth-
er, and those things that our researchers need to help them inte-
grate and traverse data in their databases.

Discussion

NCI Thesaurus is an early example of scalable, "just-in-time”
terminology. In only a few years it has gone from an idea to de-
ployment, and current efforts are focused mainly on maturing
the process used to maintain and enhance it in response to feed-
back from users. This rapid development was made possible by
a mixture of "traditional" and novel terminology development
and deployment practices. For example, by bootstrapping the
initialization of NCI Thesaurus from existing terminologies, the
project gained the co-operation of diverse stakeholders and
avoided pitfalls associated with trying to develop a science-
based terminology de novo. Similarly, by quickly surfacing ear-
ly versions of Thesaurus in a terminology server, terminology
developers and users, including application developers, could
focus on “operational semantics” [22]. Users and developers
are learning to think about NCI Thesaurus in terms of the behav-
ior of the server in response to API calls. Thus, users and appli-
cations can deal with a "class" of tissue types or drugs while the
precise enumeration of the class continues to evolve. Further,
the history tracking mechanism of NCI Thesaurus can then tell
users whether a concept they have coded has changed, and it can
point them to the relevant merged, split, or retired concept.

As with most information technology artifacts, successful use in-
creases demand for expansion of scope, for example, for a par-
ticular view of synonymy. The users may wish to "lump"
concepts that are otherwise distinct — for example, to combine
brand, generic, structural and functional drug class names into a
single “drug" concept. Experiments are underway that should
help us decide when such aggregations should be represented
and maintained explicitly as data, and when they should be com-
puted by applications. Not surprisingly, such decisions will af-
fect NCI Thesaurus’s maintenance burden and the ease with
which its content can be shared with federal agencies and other
stakeholders.

Conclusion

NCI Thesaurus has already become an important demonstration
and testing ground for new approaches to terminology develop-
ment and deployment. It is being integrated into numerous as-
pects of NCI’s information services and systems, and provides
standardized reference terminology for the biomedical data ob-
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jects and metadata management built into NCI’s caCORE cancer
bioinformatics system. It is also being deployed and maintained
at Web scale, becoming an important source of experience and
collaboration with scalable, public domain, internationally ac-
cessible, human- and computer-enabling terminology.

Validation of the deepest hypothesis behind NCI Thesaurus —
that a logic-based, science-driven Thesaurus can facilitate inte-
gration of cross-disciplinary information needed for cancer care
and research — is underway. NCI Thesaurus is attempting to
meet these needs in technology integration projects such as
NCI’s new Cancer Biomedical Informatics Grid (caBIG), [23]
which is creating an infrastructure to integrate information tech-
nology and its use for major cancer research centers in the U.S.
and beyond. Success in this sort of integration can make a real
contribution to understanding, preventing, and treating cancer,
and perhaps provide useful lessons for similar efforts in biomed-
icine.
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